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CLEANING AND REFURBISHING CHAMBER COMPONENTS 
HAVING METAL COATINGS 



BACKGROUND 

Embodiments of the present invention relate to a method of cleaning and 
refurbishing process chamber components. 



A substrate processing chamber is used to process a substrate in an 
10 energized process gas to manufacture electronic circuits, such as integrated circuit 
chips and displays. Typically, the process chamber comprises an enclosure wall that 
encloses a process zone into which a process gas is introduced, a gas energizer to 
energize the gas, and an exhaust system to exhaust and control the pressure of the 
gas. Components of the chamber, such as chamber walls, liners and depositions rings, 
15 are susceptible to corrosion by the energized gas used to process the substrate, 

especially when the process gas contains halogen species. Corrosion resistance can 
be improved by forming a corrosion resistant coating over the component, such as a 
twin-wire arc sprayed aluminum coating. The coating can also have a textured surface 
to which process residues adhere, thus inhibiting accumulated process residues from 
20 flaking off and contaminating the substrates being processed in the chamber. 



Such coated components often require frequent cleaning and refurbishing 
to retain their properties. For example, when such chamber components are used in 
PVD processes to sputter deposit material onto a substrate from a target, the sputtered 

25 material also accumulates on the surfaces of the component. The accumulated 
process deposits cause thermal expansion stresses that result in delamination, 
cracking, and flaking-off of the coating from the underlying structure. The plasma in the 
chamber can penetrate through damaged areas of the coating to erode the exposed 
surfaces of the underlying structure, eventually leading to failure of the component. 

30 Thus, a refurbishing process is typically performed to clean and refurbish the coated 
component after a number of substrates have been processed. The refurbishment 
process may involve removing process deposits, such as sputtered material, that has 
accumulated on the coating surface, and re-coating the component with a corrosion 
resistant material. The refurbishment process reduces the incidence of spalling or 
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peeling of the coating from the component during the processing of substrates, and 
thus reduces the contamination of substrates processed in the chamber. 

In one conventional refurbishing process, a metal component is cleaned 
S with an acidic and a basic cleaning solution to remove process residues accumulated 
on the coating as well as to dissolve and remove the metal coating from the 
component, as described for example in U.S. Patent Application No. 10/304.535, to 
Wang et al, filed on November 25, 2002, and commonly assigned to Applied Materials, 
which Is herein incorporated by reference in its entirety. The surface of the component 

10 is then grit blasted in a relatively harsh and aggressive bead blasting process that re- 
textures the surface of the component to provide a desired surface roughness, and 
thereby improves adhesion of a subsequently applied coating. The relatively harsh 
bead blasting step utilizes relatively large bead particles having a size of at least about 
600 micrometers and a high bead blasting pressure of at least about 483 kPa (70 psi) 

15 to re-texture the surface and provide a surface having an average surface roughness of 
at least about 6.35 micrometers (250 microinches.) After bead blasting, the coating is 
re-applied to the component, for example in a twin wire arc spraying process. 

However, a problem with the above-described process is that it typically 
20 fails to adequately remove sufficient amounts of intermetallic compounds that can 
develop at the interface between the metal coating and underlying metal component, 
and which are believed to result from thermal cycling of the parts in the process 
chamber. The intermetallic compounds weaken the bond between the coating and 
component and can cause spalling of the coating from the component, which can 
25 reduce the component part life as well as cause contamination of the substrates by the 
spalled coating materials. A large number of these intermetallic compounds can 
accumulate when process chamber temperatures above about 300*^0 are used, and 
when processing large numbers of substrates without intervening component 
refurbishment steps. 

30 

Thus, it is desirable to have a process of refurbishing and cleaning a 
coated component to provide improved corrosion resistance of the component and a 
longer component chamber use life. In particular, it is desirable to have a process of 
refurbishing and cleaning a coated component that substantially entirely removes 
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intermetallic compounds from the component to provide improved bonding between the 
coating and underlying component. 
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SUMMARY 

A component of a process chamber is cleaned and refurbished to remove 
an intermetallic compound from the component surface. The component has a 
5 structure having a coating that includes a first metal layer over the intermetallic 
compound. To refurbish the component, the first metal layer is removed to form an 
exposed surface that at least partially includes the intermetallic compound. The first 
metal layer can be removed by. for example, immersing a surface of the first metal 
layer in a cleaning solution, such as an acidic or basic solution that at least partially 

10 dissolves the metal layer. The exposed surface is bead blasted in a penetrative bead 
blasting step by propelling blasting beads having a bead diameter of less than about 
180 micrometers with a gas that is pressurized to a pressure of less than about 310 
kPa (45 psi), towards the exposed surface, thereby removing the intermetallic 
compound from the exposed surface of the structure to form a cleaned surface. A 

15 second metal layer is then formed over the cleaned surface, for example by a twin-wire 
arc thermal spraying method. 

The cleaned surface can also be texturized to provide a predetermined 
surface roughness by performing a texturizing bead blasting step that is performed 

20 before the second metal layer is formed over the surface. The texturizing bead blasting 
step includes propelling blasting beads having a bead diameter of greater than about 
400 micrometers with a gas that is pressurized to a pressure of at least about 276 kPa 
(40 psi) towards the surface, thereby forming a textured surface having a surface 
roughness average of from about 3.81 micrometers (150 microinches) to about 8.89 

25 micrometers (350 microinches.) 
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DRAWINGS 

These features, aspects, and advantages of the present invention will 
become better understood with regard to the following description, appended claims, 
and accompanying drawings, which illustrate examples of the invention. However, it is 
to be understood that each of the features can be used in the invention in general, not 
merely in the context of the particular drawings, and the invention includes any 
combination of these features, where: 

Figure 1a is a schematic side view of an embodiment of a component 
having an overlying coating and having intermetallic compounds between the coating 
and an underlying structure of the component; 

Figure 1b is a schematic side view of the component of Figure la after 
immersing the coating in a cleaning solution to remove the coating; 

Figure 1c is a schematic side view of the component of Figure 1b after a 
penetrative bead blasting step to remove intermetallic compounds from the component; 

Figure 1d is a schematic side view of the component of Figure 1c after a 
texturizing bead blasting step to roughen the surface of the component; 

Figure 1e is a schematic side view of the component of Figure Id after re- 
applying a coating to the component; 

Figure 2 is a flow chart illustrating an embodiment of a component 
refurbishment process; and 

Figure 3 is a sectional side view of an embodiment of a process chamber 
having one or more coated components. 
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DESCRIPTION 



The present process is suitable for cleaning and refurbishing a component 
300 having a coating 302, as shown for example in Figure 1a. The process may be 
used to clean and refurbish one or more of components 300 in the chamber 106 that 
are susceptible to erosion, such as for example, portions of one or more of a gas 
delivery system 112 that provides process gas in the chamber 106, a substrate support 
114 that supports the substrate 104 in the chamber 106, a gas energizer 116 that 
energizes the process gas, chamber enclosure walls 118 and shields 120, and a gas 
exhaust 122 that exhausts gas from the chamber 106, exemplary embodiments of all of 
which are shown in Figure 3. For example, in a physical vapor deposition chamber 
106, the coated components 300 can comprise any of a chamber enclosure wall 1 18, a 
chamber shield 120, a target 124, a cover ring 126, a deposition ring 128, a support 
ring 130, insulator ring 132, a coil 135, coil support 137, shutter disk 133, clamp shield 
141, and a surface 134 of the substrate support 114. 

The chamber component 300 comprises an underlying structure 304 
having an overlying coating 302 that covers at least a portion of the structure 304, as 
shown in Figure 1a. The underlying structure 304 comprises a metal material that is 
20 resistant to erosion from an energized gas, such as an energized gas formed in a 
substrate processing environment. For example, the structure 304 can comprise at 
least one of aluminum, titanium, stainless steel, copper and tantalum. An upper surface 
306 of the structure 304 contacts the coating 302, and has a surface roughness that 
improves adhesion of the overlying coating 302 to the structure 304. For example, the 
25 upper surface 306 can have a surface roughness of at least about 2.0 micrometers (80 
microinches.) The coating 302 also comprises a metal material that has resistance to 
erosion in an energized gas. such as for example, at least one of aluminum, titanium, 
copper and chromium. The coating 302 can furthermore comprise an exposed surface 
308 that is textured, such that process residues generated in the processing of 
30 substrates 104 adhere to the surface 308 of the coating 302. 

The component 300 is cleaned and refurbished after processing one or 
more substrates 104 to remove process residues from the component 300 and clean 
the upper surface 306 of the structure 304 to provide a surface 306 having 
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characteristics that allow for enhanced bonding between the underlying structure 304 
and coating 302. For example, the upper surface 306 of the structure 304 may be 
cleaned to remove compounds or particulates from the surface 306 of the structure 
304. such as intermetalllc compounds 310 that develop at the interface between the 
5 coating 302 and structure 304, as shown in Figure 1a. The surface 306 may also be 
textured by roughening the surface 306 to provide better adhesion between the coating 
302 and structure 304. 

An example of an embodiment of a cleaning and refurbishment process 
10 for a process chamber component 300 is shown in the flow chart of Figure 2. This 

embodiment of the method generally comprises: removing a first metal layer 302a from 
the underlying structure 304 to expose a surface 306 having an intermetalllc compound 
310; performing a penetrative bead-blasting step to remove the intermetallic compound 
310; performing a texturizing bead-blasting step to roughen the surface 306 to a 
15 predetermined average surface roughness; and forming a second metal layer 302b 
over the surface. 

In one version, the coating 302 comprises a first metal layer 302a that is 
at least partially removed from the structure 304 by immersing the surface 308 of the 

20 coating 302 in a cleaning solution, such as an acidic or basic cleaning solution. A 
suitable acidic cleaning solution can comprise at least one of HF, HNO3, HCI, H3PO4, 
and H2SO4. A suitable basic cleaning solution can comprise at least one of KOH, 
NH4OH, NaOH, and K2CO3. The cleaning solution can be also tailored to remove built- 
up process residues from the component 300. In one version, the surface 308 is 

25 immersed in more than one cleaning solution to provide the desired removal of both the 
coating 302 and process residues. For example, the surface 308 of the coating 302 
can be immersed in an acidic cleaning solution comprising from about 2 M to about 8 M 
HF, such as about 5 M HF and from about 2 M HNO3 to about 15 M HNO3, such as 
about 12 M HNO3. The surface 308 is then immersed in a basic cleaning solution 

30 comprising from about 1 M to about 8 M. such as about 3 M KOH. Figure la shows a 
component 300 to be refurbished having a coating 302, and Figure 1b shows a 
component 300 from which the coating 302 has been removed by immersing in a 
cleaning solution as a part of the refurbishment process. 
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Once the coating 302 has been removed, a cleaning step is performed to 
remove the intermetallic compounds 310 that develop on the structure surface 306 at 
the interface between the underlying structure 304 and coating 302. These 
intermetallic compounds, as shown for example in Figures 1a and lb, can include 
5 metallic species from the coating 302 and structure 304 that form a disordered 

conglomeration of metallic compounds between the coating 302 and structure 304. It is 
believed that the intermetallic compounds 310 are formed by the thermal cycling of the 
coated components 300 during chamber operation, which leads to the disruption of the 
crystalline structures of the coating 302 and underlying structure 304, and the migration 

10 of the disrupted metal species to the interface. The intermetallic compounds 310 can 
comprise combinations of aggregated materials from both the coating 302 and 
underlying structure 304, such as for example FeAl, FeaAl and NiAl compounds, and 
the intermetallic compounds can also form layers of the compounds on the surface 306 
of the structure 304. Formation of the intermetallic compounds between the coating 

15 302 and the structure 304 reduces the area of contact between the surface 306 and the 
coating 302, and thus reduces the adherence of the coating 302 to the structure surface 
306. 

It has been discovered that an improved process to remove the 
20 intermetallic compounds 310 from the exposed surface 306 comprises performing a 
penetrative bead blasting step. In a bead blasting process, solid blasting beads 312 
are propelled toward the surface 306 of the underlying structure 304 by pressurized 
gas. The penetrative bead blasting process is performed by selecting bead blasting 
conditions to penetrate cracks and crevices 311 in the surface to remove the 
25 intermetallic compounds. For example, blasting beads 312 having smaller bead 
diameters can be selected that are capable of better penetrating narrow cracks and 
crevices 31 1 to provide better overall intermetallic compound removal. The bead 
diameter can be the diameter of beads comprising a substantially spherical shape, and 
can also be a measure of an average size of beads that are less than perfectly 
30 spherical, such as beads comprising oblong or even cube shapes. In one example, 

blasting beads 312 having a diameter of less than about 180 micrometers, such as from 
about 80 micrometers to about 180 micrometers, and even about 100 micrometers to 
about 180 micrometers, such as for example, about 150 micrometers, are propelled 
toward the surface 306. For example, the blasting beads can consist essentially of 
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beads having a diameter of less than about 180 micrometers. This diameter can 
correspond to a grit mesh size of at least about 80, such as from about 80 to about 120, 
and even about 100. The bead diameter can also be selected to be smaller than an 
average width of the crevices 31 1 , such that the beads penetrate into the crevices. 
5 Suitable bead materials can include for example, aluminum oxide, glass, silica, or hard 
plastic. 

The penetrative bead blasting process also uses a relatively low pressure 
of the gas used to propel the finer blasting beads 312. The pressure of gas used to 

10 propel the beads 312 towards the surface in the penetrative bead blasting process can 
be less than about 310 kiloPascals (45 pounds-per square inch), such as from about 
172 kPa (25 psi) to about 310 kPa (45 psi), and even about 241 kPa (35 psi.) Other 
bead blasting conditions suitable to provide the penetrative bead blasting process 
Include: an angle of incidence of the beads 312 relative to the surface 306 of from 

15 about 35 to about 90 degrees, such as from about 35 to about 55 degrees, and even 
about 45 degrees; and a standoff distance traveled by the beads 306 from the bead 
blaster to the surface 306 of the underiying structure 304 of from about 10 cm to about 
25 cm, such as from about 10 cm to about 15 cm. 

20 The penetrative bead blasting process with finer beads and lower bead 

blasting pressures provided exceptional cleaning of the intermetallic compounds 310 on 
the surface 306 without damaging the underiying structure of the surface 306. The 
improved results provided by the relatively gentle penetrative bead blasting process are 
unexpected, as it was previously believed that more aggressive bead blasting 

25 processes were required for a more complete and thorough removal of intermetallic 
compounds 310 from the surface 306. The relatively gentler bead blasting process 
provides a surface 306 that is substantially absent intermetallic compounds 310, as 
shown for example in Figure 1c, and thereby improves the process lifetime of the 
component 300, since the same component can be cleaned more times. 

30 

A subsequent texturizing bead blasting step is then performed to texture 
the surface 306 of the underiying structure 304 to improve adhesion of the 
subsequently applied coating 302. The texturizing bead blasting process can be 
performed to restore the desired surface roughness to the surface 306, which may have 

10 
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been reduced, for example, by chemical cleaning solutions used to remove the coating 
302. The texturizing bead blasting process desirably comprises a relatively more 
aggressive bead blasting process than the penetrative bead blasting process, with 
blasting beads 312 having larger bead diameters that excavate larger regions of the 
5 surface 306. The process can also comprise higher gas pressures that propel the 
beads 312 with greater force against the surface 306 to provide the predetermined 
surface roughness. The aggressive texturizing step desirably provides an average 
surface roughness of the surface 306 of the structure of at least about 3.81 
micrometers (150 microlnches), and even at least about 4.32 micrometers (170 

10 microlnches), such as from about 3.81 micrometers (150 microlnches) to about 8.89 
micrometers (350 microlnches), and even from about 4.45 micrometers (175 
microinchess) to about 8.89 micrometers (350 microlnches.) In one version, the 
surface 306 of a structure 304 comprising stainless steel is bead blasted to a 
roughness average of from about 4.45 micrometers (175 microlnches) to about 6.35 

15 micrometers (250 microlnches), such as about 5.33 micrometers (210 microlnches.) In 
another version, the surface 306 of a structure 304 comprising titanium is bead blasted 
to a roughness average of from about 4.45 micrometers (250 microlnches) to about 
8.89 micrometers (350 microlnches), such as about 7.62 micrometers (300 
microlnches.) An example of a component 300 roughened in the texturizing bead 

20 blasting process is shown in Figure Id. 

In an example of a suitable texturizing bead blasting step, blasting beads 
312 having a diameter of at least about 400 micrometers, such as from about 400 
micrometers to about 1000 micrometers, and even about 450 micrometers, are 

25 propelled towards the surface 306 to roughen the surface 306 to a predetermined 

surface roughness average. This bead size can correspond to a grit mesh size of less 
than about 70, such as from about 24 to about 70, and even about 36. A suitable 
pressure of air used to propel the beads 312 can be a pressure of at least about 138 
kPa (20 psi), such as from about 138 kPa (20 psi) about 827 kPa (120 psi), and even at 

30 least about 276 kPa (40 psi), such as from about 276 kPa (40 psi) to about 414 kPa (60 
psi), such as about 310 kPa (45 psi.) The pressure of air may also be at least about 69 
kPa (10 psi) greater than the pressure used in the penetrative bead blasting step. 
Other bead blasting conditions suitable to provide the texturizing bead blasting process 
include: an angle of incidence of the beads 312 relative to the surface 306 of from 
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about 45 to about 90 degrees, and even from about 50 to about 70 degrees; and a 
standoff distance traveled by the beads 312 from the bead blaster to the surface 306 of 
the underlying structure 304 of from about 10 cm to about 25 cm. such as from about 
10 cm to about 15 cm. The texturizing bead blasting step is preferably performed after 
S the penetrative bead blasting step once the intermetalllic compounds have been 

removed. However, the texturizing step can also be performed before the penetrative 
blasting step, and the texturizing and penetrative bead blasting steps can be repeated 
in an alternating or other sequence. 

10 In measuring properties of the surface 306 such as roughness average, 

the international standard ANSI/ASME B.46.1 - 1995 specifying appropriate cut-off 
lengths and evaluation lengths, can be used. The following Table I shows the 
correspondence between values of roughness average, appropriate cut-off length, and 
minimum and typical evaluation length as defined by this standard: 

15 

Table I 



Roughness Average 


Cut-off Length 


Min. Evaluation 
Length 


Typ. 

Evaluation 
Length 


0 to 0.8 microinches 
(0 to 0.02 micrometers) 


0.003 inches 
(76.2 micrometers) 


0.016 inches 
(0.406 millimeters) 


0.016 inches 
(0.406 mm) 


0.8 to 4 microinches 
(0.02 to 0.1 micrometers) 


0,010 inches 
(254 micrometers) 


0.050 inches 
(1 ,27 millimeters) 


0.050 inches 
(1.27 mm) 


4 to 80 microinches 
(0.1 to 2.0 micrometers) 


0.030 inches 
(762 micrometers) 


0,160 inches 
(4.06 millimeters) 


0.160 inches 
(4.06 mm) 


80 to 400 microinches 
( 2.0 to 10.2 micrometers) 


0.100 inches 
(2.54 millimeters) 


0.300 inches 
(7.62 millimeters) 


0.500 inches 
(12.7 mm) 


400 microinches (10,2 
micrometers) and above 


0.300 inches 
(7.62 millimeters) 


0.900 inches 
(22.9 millimeters) 


1.600 inches 
(40.6 mm) 



The roughness average may be measured by a profilometer that passes a 
20 needle over the surface 306 and generates a trace of the fluctuations of the height of 
the asperities on the surface 306 or by a scanning electron microscope that uses an 
electron beam reflected from the surface 306 to generate an image of the surface 306. 

12 
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Once the surface 306 of the underlying structure 304 has been cleaned 
and textured by the above-described refurbishnnent process, a coating 302 comprising 
a second metal layer 302b is formed over at least a portion of the surface 306. The 
5 second metal layer 302b can comprise the same or different material as the first metal 
layer 302a, for example the second metal layer 302b can comprise one or more metals 
that have substantial resistance to erosion in the substrate processing chamber, such 
as at least one of aluminum, titanium, copper and chromium. The coating 302 is 
applied by a method that provides a strong bond between the coating 302 and the 

10 underlying structure 304 to protect the underlying structure 304. For example, the 
coating 302 may be applied by one or more of a chemical or physical deposition 
process, or by a flame spraying or thermal spraying method, such as a twin wire arc 
spray method, plasma arc spray method, or oxy-fuel gas flame. An example of a 
refurbished component 300 having the coating 302 comprising the second metal layer 

15 is shown in Figure 1e. 

In one version, the coating 302 comprising the metal layer 302b is applied 
to the cleaned surface 306 by a twin wire arc spray process, as for example described 
in U.S. patent no. 6.227,435 B1, issued on May 8^ 2001 to Lazarz et al, and U.S. 

20 patent no. 5,695,825 issued on Dec. 9^^, 1997 to Scruggs, both of which are 
incorporated herein by reference in their entireties. In the twin wire arc thermal 
spraying process, a thermal sprayer (not shown) comprises two consumable electrodes 
that are shaped and angled to allow an electric arc to form therebetween. For example, 
the consumable electrodes may comprise twin wires formed from the metal to be 

25 coated on the surface, which are angled towards each other to allow an electric 
discharge to form near the closest point. An electric arc discharge is generated 
between the consumable electrodes when a voltage is applied to the consumable 
electrodes as a carrier gas, such as one or more of air, nitrogen or argon, is flowed 
between the electrodes. Arcing between the electrodes atomizes and at least partially 

30 liquefies the metal on the electrodes, and carrier gas energized by the arcing electrodes 
propels the molten particles out of the thermal sprayer and towards the surface 306 of 
the underlying structure 304. The molten particles impinge on the surface 306 of the 
underlying structure 304, where they cool and condense to form a conformal coating 
302. When wires are used as the consumable electrodes, the wires may be 

13 
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continuously fed into the tliermal sprayer to provide a continuous supply of the metal 
material. 

Operating parameters during thermal spraying are selected to be suitable 
5 to adjust the characteristics of the coating material application, such as the temperature 
and velocity of the coating material as it traverses the path from the thermal sprayer to 
the underlying structure surface 306. For example, gas flows, power levels, powder 
feed rate, carrier gas flow, standoff distance from the thermal sprayer to the surface 
306, and the angle of deposition of the coating material relative to the surface 306 can 

10 be selected to improve the application of the coating materia! and the subsequent 

adherence of the coating 302 to the underlying structure surface 306. For example, the 
voltage between the consumable electrodes may be selected to be from about 10 Volts 
to about 50 Volts, such as about 30 Volts. Additionally, the current that flows between 
the consumable electrodes may be selected to be from about 100 Amps to about 1000 

15 Amps, such as about 200 Amps. The power level of the thermal sprayer is usually in 
the range of from about 6 to about 80 kiloWatts, such as about 10 kiloWatts. 

The standoff distance and angle of deposition can also be selected to 
adjust the deposition characteristics of the coating material on the surface 306. For 

20 example, the standoff distance and angle of deposition can be adjusted to modify the 
pattern in which the molten coating material splatters upon impacting the surface, to 
form for example, "pancake" and "lamella" patterns. The standoff distance and angle of 
deposition can also be adjusted to modify the phase, velocity, or droplet size of the 
coating material when it impacts the surface 306. In one embodiment, the standoff 

25 distance between the thermal sprayer and the surface is about 15 cm, and the angle of 
deposition of the coating material onto the surface 306 is about 90 degrees. 

The velocity of the coating material can be adjusted to suitably deposit the 
coating material on the surface 306. In one embodiment, the velocity of the powdered 
30 coating material is from about 100 to about 300 meters/second. Also, the thermal 

sprayer may be adapted so that the temperature of the coating material is at least about 
melting temperature when the coating material impacts the surface. Temperatures 
above the melting point can yield a coating of high density and bonding strength. For 
example, the temperature of the energized carrier gas about the electric discharge may 

14 
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exceed 5000*'C. However, the temperature of the energized carrier gas about the 
electric discharge can also be set to be sufficiently low that the coating material remains 
molten for a period of time upon impact with the surface 306. For example, an 
appropriate period of time may be at least about a few seconds. 

5 

The thermal spraying process parameters are desirably selected to 
provide a coating 306 having desired structure and surface characteristics, such as for 
example a desired coating thickness, coating surface roughness, and the porosity of 
the coating, which contribute to the improved performance of the coated components. 

10 The thickness of the coating 302 can affect how well the coating 302 adheres to the 
underlying structure 304 and the erosion resistance of the component 300. A suitable 
thickness of the coating 302 may be, for example, from about 152 micrometers (0.006 
inches) to about 508 micrometers (0.02 inches). For an underlying structure 304 
covered by an aluminum coating 302, such as a coated stainless steel or titanium 

15 structure, a suitable thickness of the coating 302 may be from about 254 micrometers 
(0.01 inches) to about 508 micrometers (0.02 inches), such as about 304 micrometers 
(0.012 inches.) The thermal spraying process parameters can also be selected to 
provide a coating 302 having a textured surface 308 to which process residues can 
adhere. For example, the coating 302 may have a textured surface 308 having a 

20 surface roughness of from about 25 micrometers (1000 microinches) to about 50.8 
micrometers (2000 microinches.) 

Additional cleaning steps can also be performed to clean one or more of 
the coating 302 and underlying structure surface 306. For example, the underlying 

25 structure surface 306 can be cleaned after bead blasting and before the coating 302 is 
applied by performing an ultrasonic cleaning step in which the surface 306 of the 
underlying structure 304 is immersed in a cleaning bath comprising de-ionized water, 
and sound waves are introduced into the cleaning bath to lightly agitate the surface 
306. The surface 306 can then be heated to a temperature of at least 100**C to dry the 

30 component 300 and remove volatile impurities. The surface 308 of the coating 302 can 
also be cleaned in a deionized water ultrasonic cleaning step. A pressurized flow of N2 
can also be provided to clean the surfaces of the coating 302 or underlying structure 
304. 
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A component 300 that has been cleaned and refurbished according to the 
described process shows substantially improved bonding between the coating 302 and 
the underlying structure 304, and improved component lifetime. For example, a 
component cleaned and coated according to the process provides enhanced 
5 performance in a deposition chamber 106, where sputtered material formed in the 
chamber 106 can accumulate on exposed surfaces of the component 300 to a 
thickness of at least about 100 micrometers, and even up to about 300 micrometers, 
substantially without causing spelling of the coating 302 from the component 300. Also, 
the component cleaned and refurbished according to the method can be used to 

10 process at least about 4 substrates 104 substantially without spelling of the coating 
302. Additionally, the improved refurbishment process allows the coated component 
300 to be refurbished and re-used at least about 15 times, substantially without failure 
of the component 300. In comparison, a conventional refurbishing process that does 
not sufficiently remove the intermetallic compounds 310. allows the component 300 to 

15 be refurbished and re-used only 5 times. Thus the present refurbishment process 
provides a component 300 having a lifetime that is at least twice as long as that of 
conventionally refurbished components 300. 

An example of a suitable process chamber 106 having a component 
20 refurbished according to the process is shown in Figure 3. The chamber 106 can be a 
part of a multi-chamber platform (not shown) having a cluster of interconnected 
chambers connected by a robot arm mechanism that transfers substrates 104 between 
the chambers 106. In the version shown, the process chamber 106 comprises a 
sputter deposition chamber, also called a physical vapor deposition or PVD chamber, 
25 that is capable of sputter depositing material on a substrate 104, such as one or more 
of tantalum, tantalum nitride, titanium, titanium nitride, copper, tungsten, tungsten 
nitride and aluminum. The chamber 106 comprises enclosure walls 118 that enclose a 
process zone 109, and that include sidewalls 164, a bottom wall 166, and a ceiling 
168. A support ring 130 can be arranged between the sidewalls 164 and ceiling 168 to 
30 support the ceiling 168. Other chamber walls can include one or more shields 120 that 
shield the enclosure walls 118 from the sputtering environment. 

The chamber 106 comprises a substrate support 114 to support the 
substrate in the sputter deposition chamber 106. The substrate support 114 may be 
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electrically floating or may comprise an electrode 170 that is biased by a power supply 
172, such as an RF power supply. The substrate support 114 can also comprise a 
shutter disk 1 33 that can protect the upper surface 1 34 of the support 114 when the 
substrate 104 is not present. In operation, the substrate 104 is introduced into the 
5 chamber 106 through a substrate loading inlet (not shown) in a sidewall 164 of the 
chamber 106 and placed on the support 114. The support 114 can be lifted or lowered 
by support lift bellows and a lift finger assembly (not shown) can be used to lift and 
lower the substrate onto the support 1 14 during transport of the substrate 104 into and 
out of the chamber 106. 

10 

The support 114 may also comprise one or more rings, such as a cover 
ring 126 and a deposition ring 128, that cover at least a portion of the upper surface 
134 of the support 114 to inhibit erosion of the support 114. In one version, the 
deposition ring 128 at least partially surrounds the substrate 104 to protect portions of 
15 the support 114 not covered by the substrate 104. The cover ring 126 encircles and 
covers at least a portion of the deposition ring 128, and reduces the deposition of 
particles onto both the deposition ring 128 and the underlying support 114. 



A process gas, such as a sputtering gas, is introduced into the chamber 
20 106 through a gas delivery system 112 that includes a process gas supply comprising 
one or more gas sources 174 that each feed a conduit 176 having a gas flow control 
valve 178, such as a mass flow controller, to pass a set flow rate of the gas 
therethrough. The conduits 176 can feed the gases to a mixing manifold (not shown) in 
which the gases are mixed to from a desired process gas composition. The mixing 
25 manifold feeds a gas distributor 180 having one or more gas outlets 182 in the chamber 
106. The process gas may comprise a non-reactive gas, such as argon or xenon, 
which is capable of energetically impinging upon and sputtering material from a target. 
The process gas may also comprise a reactive gas, such as one or more of an oxygen- 
containing gas and a nitrogen-containing gas, that are capable of reacting with the 
30 sputtered material to form a layer on the substrate 104. Spent process gas and 
byproducts are exhausted from the chamber 106 through an exhaust 120 which 
includes one or more exhaust ports 184 that receive spent process gas and pass the 
spent gas to an exhaust conduit 186 in which there is a throttle valve 188 to control the 
pressure of the gas in the chamber 106. The exhaust conduit 186 feeds one or more 
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exhaust pumps 190. Typically, the pressure of the sputtering gas in the chamber 106 is 
set to sub-atmospheric levels. 

The sputtering chamber 106 further comprises a sputtering target 124 
5 facing a surface 105 of the substrate 104, and comprising material to be sputtered onto 
the substrate 104. The target 124 is electrically isolated from the chamber 106 by an 
annular insulator ring 132, and is connected to a power supply 192. The sputtering 
chamber 106 also has a shield 120 to protect a wall 118 of the chamber 106 from 
sputtered material. The shield 120 can comprise a wall-like cylindrical shape having 

10 upper and lower shield sections 120a, 120b that shield the upper and lower regions of 
the chamber 106. In the version shown in Figure 3, the shield 120 has an upper 
section 120a mounted to the support ring 130 and a lower section 120b that is fitted to 
the cover ring 126. A clamp shield 141 comprising a clamping ring can also be 
provided to clamp the upper and lower shield sections 120a,b together. Alternative 

15 shield configurations, such as inner and outer shields, can also be provided. In one 
version, one or more of the power supply 192, target 124. and shield 120, operate as a 
gas energizer 116 that is capable of energizing the sputtering gas to sputter material 
from the target 124. The power supply 192 applies a bias voltage to the target 124 with 
respect to the shield 120. The electric field generated in the chamber 106 from the 

20 applied voltage energizes the sputtering gas to form a plasma that energetically 

impinges upon and bombards the target 124 to sputter material off the target 124 and 
onto the substrate 104. The support 114 having the electrode 170 and support 
electrode power supply 1 72 may also operate as part of the gas energizer 1 16 by 
energizing and accelerating ionized material sputtered from the target 124 towards the 

25 substrate 104. Furthermore, a gas energizing coil 135 can be provided that is powered 
by a power supply 192 and that is positioned within the chamber 106 to provide 
enhanced energized gas characteristics, such as improved energized gas density. The 
gas energizing coil 135 can be supported by a coil support 137 that is attached to a 
shield 120 or other wall in the chamber 106. 

30 

The chamber 106 is controlled by a controller 194 that comprises program 
code having instruction sets to operate components of the chamber 106 to process 
substrates 104 in the chamber 106. For example, the controller 194 can comprise a 
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substrate positioning instruction set to operate one or more of the substrate support 
114and substrate transport to position a substrate 104 in the chamber 106; a gas flow 
control instruction set to operate the flow control valves 178 to set a flow of sputtering 
gas to the chamber 106; a gas pressure control instruction set to operate the exhaust 
5 throttle valve 188 to maintain a pressure in the chamber 106; a gas energizer control 
instruction set to operate the gas energizer 1 16 to set a gas energizing power level; a 
temperature control instruction set to control temperatures In the chamber 106; and a 
process monitoring instruction set to monitor the process in the chamber 106. 



10 Although exemplary embodiments of the present invention are shown and 

described, those of ordinary skill in the art may devise other embodiments which 
incorporate the present Invention, and which are also within the scope of the present 
Invention. For example, other chamber components than the exemplary components 
described herein can also be cleaned. Other cleaning steps can also be used in 

15 combination with those described. Furthermore, relative or positional terms shown with 
respect to the exemplary embodiments are Interchangeable. Therefore, the appended 
claims should not be limited to the descriptions of the preferred versions, materials, or 
spatial arrangements described herein to illustrate the Invention. 



19 



